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51 Introdution
In this study two single-blade sewage pump geometries were simulated nu-
merially using CFX-TASCFlow ow solver pakage and FINFLO ow solver.
The grids for CFX-TASCFlow simulations were provided by the manufaturer,
Grundfos A/S.
The grid for the rst geometry is aimed for a wall funtion approah with
oarse omputational ells near the walls, while the grid for the seond geo-
metry is more suitable for low-Reynolds number turbulene models. The latter
is also the geometry used in measurements made by Grundfos A/S. The former
grid is modied in order to make it suitable for FINFLO alulations mainly
just by adding gridpoints near the solid surfaes.
The purpose of the present study is to ompare the results of the two
omputer odes, the assoiated turbulene models and the required grid dens-
ities. In the following, the governing equations and turbulene modelling are
rstly desribed. Next, the omputational domain and the grid are depited
and, nally, the results of the simulation are presented and ompared with the
measurements.
2 Flow Solvers
2.1 FINFLO
FINFLO is an in-house Navier-Stokes ow solver apable of handling inom-
pressible and ompressible ows. The ode is developed in the Helsinki Uni-
versity of Tehnology. The Reynolds-averaged thin-layer Navier-Stokes equa-
tions are solved with a nite volume method [1℄. The solution methods of the
FINFLO ode an be found for example in [2℄. There are several turbulene
modelling approahes in FINFLO [1℄. In this study we apply k   ! SST tur-
bulene model whih, in order to improve the near-wall behaviour of a k   "
model, is a mixture of the k   " and k   ! models, known as Menter's k   !
SST model [3, 4, 5℄.
In these approahes turbulene is modelled as based on Boussinesq ap-
proximation in whih the inuene of turbulene is haraterized similarly as
visosity. Turbulent kineti energy k and its dissipation " or spei dissip-
ation rate ! = "=

k are used to model the turbulent visosity. Turbulene
losures based on the solution of the k- and " -variables an be written as
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Here u

is a frition veloity and 
w
is shear stress on the wall, and the onne-
tion between them is u

=
q

w
=. The unknown prodution of the turbulent
kineti energy is modelled using Boussinesq's approximation
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The turbulene model presented above ontains empirial oeÆients. Those
are given by [1℄
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where the turbulene Reynolds number is dened as
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Models based on the solution of the k- and ! -variables an be written as
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7The model oeÆients in Eqs. (11) and (12) are obtained from
(
k

!
)
T
= F
1
(
k

!
)
T
1
+ (1  F
1
) (
k

!
)
T
2
(13)
with the following values
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In the present study the artiial ompressibility approah is used to de-
termine the pressure. The artiial ompressibility an be used in order to
modify a ompressible ow solver for inompressible and nearly inompress-
ible ows. The ux alulation is a simplied version of the approximate
Riemann-solver utilized for ompressible ows [6℄. It should be noted that in
this approah the artiial sound speed aets the solution, but the eet is
of a seond-order and is not visible as the grid is rened. The solution method
is desribed in [7℄.
A third-order upwind biased disretization is used in the alulation of the
onvetive uxes.
2.2 CFX-TASCFlow
CFX-TASCow is an integrated software system apable of solving diverse
and omplex multidimensional uid problems. The uid ow solver, CFX-
TASCow, provides solutions for inompressible and ompressible, steady-
state or transient, laminar or turbulent single-phase uid ow in omplex
geometries. The solution methods of CFX-TASCow an be found from [8℄.
In this study we apply k  " turbulene model for the oarse wall funtion
grid and k ! SST turbulene model for the rened grids. The k " turbulene
model presented in the previous setion ontains empirial oeÆients, whih
are dierent for CFX-TASCFlow solver as the ode uses wall funtions.
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The wall-funtion approah in CFX-TASCFlow is an extension of the method
of Launder and Spalding [8℄. The near-wall tangential veloity is related to
the wall shear-stress by means of a logarithmi relation,
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+
) (16)
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Above y
+
is the non-dimensional wall distane, 
w
is the wall shear-stress, V
t
is
the known veloity tangential to the wall, y
n
is a distane from the wall and 
is the von Karman onstant. In the logarithmi region, an alternative veloity
sale u

an be used instead of u
+
in order to avoid a singularity at separation
points:
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Based on this denition, the equation for the wall shear-stress is obtained:
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For this type of salable wall-funtion the y
+
value should not be below y
+
= 11
[8℄.
The disretization sheme used is linear prole skew that is aording to
the manual truly seond-order aurate.
3 Computational Domains and Grids
Two dierent geometries were used, that dier slightly from eah other. The
rst one was simulated using both odes, while the latter, that is the same
geometry that is used in measurements, only with Tasow. The rst geo-
metry is from now on referred as geometry 2.1 and the latter as geometry 2.2.
Both geometries are shown in Fig. 1 as well as an overlap gure of the two
geometries. This shows the dierene between these two models. The design
point mass ow is 25 kg/s for geometry 2.1 and 33 kg/s for geometry 2.2. The
rotational speed is 1450 RPM orresponding to an angular veloity of 24.17
1/s.
9Fig. 1: From left to right: Geometry 2.1, overlap of the geometries and geometry
2.2.
3.1 Geometry 2.1
3.1.1 Wall Funtion Grid
The omputational grid is of a strutured type suitable for simulations with
wall funtions. The grid is provided by the manufaturer, Grundfos A/S. The
grid has 18 bloks. In the impeller part there are 11 bloks and seven in the
volute part. The omputational model onsists of two separed parts: A single-
blade impeller and a volute. The grid lines at the interfae between the parts
are not ontinuous. The grid struture and the surfae grid are shown in Fig.
2. The dimensions of the grid are given in Table 1.
Fig. 2: Computational grid for the wall-funtion approah. From left to right:
Impeller surfae, impeller grid and volute grid.
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Table. 1: Dimensions of the wall-funtion grid.
Explanation Blok i j k
P
Impeller 1 24 8 18 3 456
Impeller 2 88 5 8 3 520
Impeller 3 16 8 50 6 400
Impeller 4 10 105 16 16 800
Impeller 5 36 21 8 6 048
Impeller 6 64 8 5 2 560
Impeller 7 221 5 5 5 750
Impeller 8 24 3 56 4 032
Impeller 9 32 8 5 1 280
Impeller 10 44 3 8 1 056
Impeller 11 48 5 16 3 840
Volute 12 16 22 36 12 672
Volute 13 36 3 16 1 728
Volute 14 36 16 3 1 728
Volute 15 8 48 22 8 448
Volute 16 16 3 104 4 992
Volute 17 24 22 8 4 224
Volute 18 8 64 22 11 264
Total Total 99 798
3.1.2 Clustered Grid
This grid is modied from the wall-funtion grid by adding gridpoints near the
walls, so that a low-Reynolds number turbulene model an be used. Unfor-
tunately grid dimensions ould not be hanged in all bloks so that multi-grid
method ould be used to aelerate the onvergene. The grid has 11 bloks of
whih seven are for impeller part and four for the volute. The grid struture
and the surfae grid are shown in Fig. 3. The dimensions of the grid are given
in Table 2.
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Fig. 3: Computational grid for the low-Reynolds number model. From left to right:
Impeller surfae, impeller grid and volute grid.
Table. 2: Dimensions of the rened grid for geometry 2.1.
Explanation Blok i j k
P
Impeller 1 24 16 32 12 288
Impeller 2 56 8 8 3 584
Impeller 3 48 8 29 11 136
Impeller 4 16 16 174 44 544
Impeller 5 48 5 149 35 760
Impeller 6 64 8 100 51 200
Volute 7 64 8 100 51 200
Volute 8 48 8 136 52 224
Volute 9 16 16 104 26 624
Volute 10 16 16 36 9 216
Volute 11 16 64 36 36 864
Total Total 334 640
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3.2 Geometry 2.2
This grid is lustered near the walls, so the low-Reynolds number turbulene
models an be used. The geometry is dierent from the previous one in the
blade area and there is no step at the bottom of the impeller wheel. In the
volute, the upper part omes down to the outer surfae of the impeller wheel.
Also the inlet and the outlet duts are longer. Otherwise the volutes are quite
similar. The grid has 19 bloks of whih 10 are in the impeller part and nine
in the volute. The grid struture and the surfae grid are shown in Fig. 4.
The dimensions of the grid are available in Table 3.
Fig. 4: The omputational grid for geometry 2.2. From left to right: Impeller
surfae, impeller grid and volute grid.
4 Boundary Conditions
The inlet ow is given as a bulk mass ow for CFX-Tasow simulations and
a fully-developed dut ow is used in FINFLO simulations. The intenity of
turbulene is 5 % and for a non-dimensional turbulent visosity 
T
= a value
of 10 is used in CFX-Tasow simulations. The inlet pressure is extrapolated
from the omputational domain. The outlet pressure is given and veloities
are extrapolated.
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Table. 3: Dimensions of the grid for the geometry 2.2.
Explanation Blok i j k
P
Impeller 1 36 16 15 8 640
Impeller 2 36 15 32 17 280
Impeller 3 50 50 16 40 000
Impeller 4 8 50 8 3 200
Impeller 5 15 20 126 37 800
Impeller 6 8 20 48 7 680
Impeller 7 10 35 34 11 900
Impeller 8 10 56 15 8 400
Impeller 9 32 30 15 14 400
Impeller 10 10 32 10 3 200
Volute 11 46 54 17 42 228
Volute 12 46 11 16 8 096
Volute 13 6 78 11 5 148
Volute 14 97 19 17 31 331
Volute 15 9 24 11 2 376
Volute 16 3 32 39 3 744
Volute 17 3 3 33 297
Volute 18 24 22 3 1 584
Volute 19 3 22 70 4 620
Total Total 251 924
5 Results
5.1 Geometry 2.1
The geometry was simulated using two dierent grids, a oarser grid for the
wall funtion turbulene model and a rened grid for the low-Reynolds number
turbulene models. In FINFLO the k   ! SST turbulene model with a ro-
tational orretion was utilized. CFX-TASCow simulations were made using
the k   " model with wall funtions, i.e. with the oarser grid.
5.1.1 Tasow Simulations
The alulations were arried out in two phases. First-order upwind disretiz-
ation sheme was used at the start for the rst 100 yles and the alulation
was ontinued with the skewed seond-order upwind disretization. The seond
part was alulated 300 yles, in whih time onverged results were ahieved.
Atually the onvergene does not need all the 300 yles, but as the simula-
tion was let to run over night, there was no use to alulate lesser yles. The
alulation time was about four hours for the rst phase and 11 hours for the
seond phase in all ases. Silion Graphis Origin 2000 with one MIPS R10000
250 MHz proessor was used in all alulations.
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The time step, that in the steady state simulation provides relaxation to
solution proedure, is 0.01 s. Calulation times are shown in Table 4. Examples
of the onvergene histories of the last 300 yles are depited in Figs. 5 and 6.
The simulation time in the gures is the time step times the number of yles.
Table. 4: Simulation parametres
Mass ow CPU time CPU time CPU time
2nd-order. dis. total /yle/ell
8.33 kg/s 10 h 46 m 14 h 23 m 1.297 ms
16.67 kg/s 11 h 8 m 14 h 48 m 1.335 ms
33.33 kg/s 10 h 49 m 14 h 39 m 1.322 ms
Fig. 5: Convergene histories of the momentum and mass residuals at massow of
33.3 kg/s. Last 300 yles of the alulation.
A stati head is alulated from
H
stat
=
p
2
  p
1
g
(25)
where p
1
is the inlet pressure, p
2
the outlet pressure;  the density, and g the
aeleration due to gravity. The eÆieny is obtained from
 = E=T! (26)
where E is the dierene between the mehanial ux at the inlet and the
outlet and T! is the required axial power. The stati head, eÆieny and axial
power needed are presented in Table 5.
It an be seen that the rst-order results dier signiantly from those
alulated by the seond-order disretization. This indiates that for reliable
simulations it must not be used. In TASCFlow there are, unfortunately, many
15
Fig. 6: Convergene histories of the residuals of the turbulene variables at massow
of 33.3 kg/s. Last 300 yles of the alulation.
Table. 5: Pump performane.
Mass ow Stati head EÆieny Axial power
2nd-order upwind
8.33 kg/s 11.7 m 60.1 % 1624 W
16.67 kg/s 9.7 m 84.5 % 1896 W
33.33 kg/s 5.1 m 72.9 % 2292 W
1st-order upwind
8.33 kg/s 12.0 m 52.89 % 1899.7 W
33.33 kg/s 5.5 m 72.0 % 2497 W
Measurements
8.33 kg/s 14.1 m 47.4 % 2400 W
16.67 kg/s 11.6 m 66.3% 2800 W
33.33 kg/s 7.4 m 67.7 % 3500 W
options whih share the rst-order auray. It should be noted that from the
present results it is not lear whether the grid density is satisfatory even for
the seond-order method.
Distributions at the mass ow 33.3 kg/s on the plane at a distane of 45
mm from the bottom of the impeller for veloity, turbulent visosity, turbulent
kineti energy, dissipation and pressure are shown in Figs. 15 - 17 of Ap-
pedix A. In Fig. 17 there is also a pressure distribution at the planes rossing
the impeller. Streamlines oloured by the veloity distribution and veloity
vetors at the measurement point with a pressure distribution on the solid
surfaes are shown in Fig. 18. Veloity distributions and distributions of tur-
bulent visosity at the beginning and at the end of the inlet dut are shown in
Figs. 19 - 20. Veloity distributions at the measurement stations given in Fig.
7 are available in Figs. 21 and 22.
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Similar gures at the mass ow of 16.7 kg/s are shown in Figs. 23 - 30
of Appendix A and at the mass ow of 8.3 kg/s the results are given in Figs.
31 - 38 of Appendix A.
The veloity in the gures is relative to the rotation in the impeller bloks.
In the volute bloks the veloity is in the inertial oordinate system. Veloity
distributions are quite similar with dierent mass ows. The dierene is in
the middle of the impeller, where the veloity is smaller at the lowest mass
ow. In the volute part a high-speed area is in a dierent plae, so that when
the mass ow is larger, the high-speed area is near the outlet dut. In the
beginning of the outlet dut there is a low-speed area, whih is a onsequene
of a bakow to the volute from the outlet dut.
Distributions of the turbulent visosity dier more signiantly, as at the
mass ow of 33.3 kg/s the turbulent visosity has its largest value in the outlet
dut and it is larger in the volute area than in the impeller. At the lower
mass ows turbulent visosity is smaller in most of the volute area than in
the impeller, largest values are near the beginning of the outlet dut. In the
impeller and the inlet dut area the turbulent visosity behaves very dierently
at dierent mass ows. As the value is low at the mass ow of 33.3 kg/s, it
turns to very high at the lowest mass ow. This probably originates from the
rotation in the inlet dut at lower mass ows. Distribution of the turbulent
kineti energy is quite similar in both low-mass ow ases while at the largest
mass ow the high-turbulene area is larger but there is no peak value near
the volute lip. The area of high dissipation grows as the mass ow dereases.
Pressure distributions show that pressure is higher in the volute than in
the outlet at the largest mass ow. This phenomena does not appear at the
lower mass ows.
Streamlines, i.e. paths of massless partiles, are started on a plane near
the inlet. At the largest mass ow streamlines go straight through the inlet
dut, while at the lower mass ows they are rotating with the surfae. The
prerotation explains higher turbulent visosity values in this area as the k  "
turbulene model tends to generate turbulent visosity in the middle of the
vortex. It should be noted that this phenomena is typial for many turbulene
models, but it is not neessary true. Streamlines also indiate that the ow
from the outlet dut bak to the volute is oming deeper from the dut as the
mass ow dereases. At no mass ow value the ow is rotating in the outlet
dut.
Veloity distributions are at in the beginning of the inlet dut as the ow
is given as a bulk ow. At the end of the dut the the ow is fastest at one side
of the dut and on the other side it is even negative at the lowest mass ow.
Turbulent visosity is higher near the walls exept at the lowest mass ow, in
whih the turbulent visosity is on a muh higher level than at the other mass
ows. This is probably due to a more rotating ow in inlet dut.
Veloity distributions are quite near the measurements at measurement
point one. The values at measurement point two are not well predited. One
must keep in mind, that this geometry is not exatly the same that was used
17
in the measurements whih explains at least part of the dierenes.
144 168.9
69
.91
2
Fig. 7: Loations of the measurement points.
5.1.2 FINFLO Simulations
The k ! SST turbulene model was utilized in these simulations. The simula-
tions onverged extremely slowly, beause the multi-grid aeleration ould not
be used in all bloks. The omputation times were between 10 to 25 days us-
ing Silion Graphis Origin 2000 with four MIPS R10000 250 MHz proessors.
These gures an be signiantly redued with a more suitable grid-point dis-
tribution, i.e. the number of grid points in eah oordinate diretion should be
powers of two. Pressure and rolling moment onverged quite fast as ompared
to mass and momentum residuals or turbulene quantities. Examples of the
onvergene history of the alulations are presented in Figs. 8 - 10.
Fig. 8: Convergene history of the jjLjj
2
-norm of the x-momentum residual (left)
and the jjLjj
2
-norm of the energy residual (right).
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Fig. 9: Convergene history of the rolling moment (left) and the volume averaged
pressure dierene (right).
Fig. 10: Convergene history of the turbulent kineti energy (left) and the turbulent
utuation veloity over main veloity (right).
The stati head, eÆieny and axial power needed are presented in Table 6
and in Fig. 11. Stati head is 20 - 40 % larger than the measured one, exept at
the lowest mass ow alulated. EÆieny is at its peak value at the mass ow
of 20 kg/s as in the measurements, but the dierene to the measured values
is about 5 perentage units higher at the mass ows higher than 15 kg/s. The
power need osillates 10 % on both sides of the measured data. The CFX-
TASCow results utilizing the seond-order disretization underestimate the
head and the power need and the eÆieny is too high. The simulation results
given by Grundfos A/S (Tasow High-Re Turb. model in the gures) are near
the measurements, but similar results were also ahieved when the ase was
aidentally alulated with the impeller surfae moving at a double speed. In
that ase the rst-order disretization was utilized.
The distributions of veloity and turbulent visosity at 45 mm from the
bottom of the impeller are shown in Fig. 39 and at the beginning and at
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Fig. 11: Pump performanefor geometry 2.1.
the end of the inlet dut in Figs. 40 - 41. Veloity distributions from the
measurement stations given in Fig. 7 are depited in Figs. 42 and 43.
Similar gures at the mass ow of 15 kg/s are shown in Figs. 44 - 30 of
Appendix B and at the mass ow of 10 kg/s the results are given in Figs.
49 - 38 of Appendix B.
The veloity is in an inertial oordinate system in all parts of the grids.
A low-speed area is near the start of the outlet dut as with CFX-TASCFlow
simulations but in this ase it is also volute side of the lip. Turbulent visosity
is very high in the volute area also at the largest mass ow while with CFX-
TASCFlow it is high only in outlet dut.
The inlet dut veloity distribution is at the start of the dut dierent from
the CFX-TASCFlow simulations as the fully developed pipe ow is used in the
inlet boundary. At the end of the dut the ow is slower on one side of the dut.
The shape of the low-speed area is a bit dierent from the CFX-TASCFlow
simulations.
Interestingly the turbulent visosity is in all ases lower at the beginning
of the dut than at the end. This is espeially true at the highest mass ow.
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At measurement point one the veloity levels are lose to the measured
ones at the mass ow of 30 kg/s. The shape espeially in the radial veloity is
not so lose to the measurements, the shape is similar to the CFX-TASCFlow
results. Neither ode sueeded in predition of the double-peaked prole. At
mass ows 10 and 15 kg/s the tangential veloity level is up to 40 % lower than
the measured values and also lower than the orresponding CFX-TASCFlow
result, but the radial veloity is very near the measurements.
At measurement point two the veloity predition is not so good. Only
at the 30 kg/s mass ow both radial and tangential veloities resemble the
measured values.
Table. 6: Pump performane.
Mass ow Stati head EÆieny Axial power
FINFLO simulations
5 kg/s 14.4 m 37.0 % 1860 W
10 kg/s 14.1 m 56.5 % 2452 W
15 kg/s 13.9 m 67.3 % 3041 W
20 kg/s 11.2 m 80.3 % 2809 W
25 kg/s 10.7 m 73.5 % 3542 W
30 kg/s 10.2 m 75.6 % 3685 W
Measurements
5 kg/s 15.8 m 24.4 % 2415 W
10 kg/s 13.2 m 48.8 % 2506 W
15 kg/s 11.7 m 67.8 % 2810 W
20 kg/s 10.0 m 76.0 % 3120 W
25 kg/s 8.7 m 75.7 % 3387 W
30 kg/s 7.3 m 70.5 % 3524 W
5.2 Geometry 2.2
5.2.1 Tasow Simulations
The k   ! SST turbulene model was utilized in these simulations with a
dense grid. Also these alulations were arried out in two phases. First-order
upwind disretization was used at the start for 100 yles and the alulation
was ontinued with the skewed seond-order upwind disretization. The seond
part was alulated for 100 yles at a design point and 200 yles at 50
% of the design point. The time step, that in the steady state simulation
provides relaxation to solution proedure, is 0.01. Calulation times are shown
in Table 7. Examples of the onvergene histories of the last 100 yles are
shown in Figs. 12 and 13. The simulation time in the gures is the time step
times the number of yles. The position of the impeller is dierent from the
alulation with the rst geometry (2.1). This may have some inuene on the
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results. Most aurate quasi-steady results ould be obtained by averaging the
simulation results from several blade positions.
Table. 7: Simulation parametres
Mass ow CPU time CPU time CPU time
2nd-order. dis. total /yle/ell
16.67 kg/s 15 h 23 m 23 h 39 m 1.126 ms
33.33 kg/s 7 h 42 m 14 h 49 m 1.059 ms
Fig. 12: Convergene histories of the momentum and mass residuals at the mass
ow of 33.3 kg/s. Last 100 yles of the alulation.
Fig. 13: Convergene histories of the residuals of the turbulene variables at a mass
ow of 33.3 kg/s. Last 100 yles of the alulation.
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The stati head, eÆieny and axial power needed are presented in Table
8. The predited power is muh larger than with geometry 2.1 and also higher
than in the measurements.
Table. 8: Pump performane for geometry 2.2.
Mass ow Stati head EÆieny Axial power
2nd-order upwind
8.33 kg/s n. a. n. a. n. a.
16.67 kg/s 12.80 m 57.29 % 3662 W
33.33 kg/s 8.39 m 65.44 % 4192 W
Measurements
8.33 kg/s 18.9 m 41.7% 3640 W
16.67 kg/s 16.4 m 65.4% 4375 W
33.33 kg/s 12.4 m 71.1 % 5675 W
Fig. 14: Pump performane for geometry 2.2.
Distributions at the design point mass ow 33.3 kg/s at the plane 45 mm
from the bottom of the impeller are shown in Figs. 54 - 56 of Appendix C for
veloity, turbulent visosity, turbulent kineti energy, dissipation and pressure.
In Fig. 56 there is also a pressure distribution on the impeller surfae. Stream-
lines oloured by the veloity distribution and veloity vetors at the meas-
urement point with pressure distribution on the volute and impeller surfaes
are shown in Fig. 57. The low-speed vortex area depited by the streamlines
an be seen in Fig. 58. Veloity distributions from the measurement stations
given in Fig. 7 are available in Figs. 59 and 60.
Similar gures at the mass ow of 16.7 kg/s (50 % of the design point mass
ow) are shown in Figs. 23 - 67 of Appendix C.
The veloity distributions behave similarly as with the rst geometry. The
low-speed area in the beginning of the outlet dut is more visible than with the
rst geometry at the low mass ow value. The turbulent visosity gets higher
values in the volute part at the design point and also in the impeller part at
23
the lower mass ow. As with the rst geometry, the pressure in the volute is
at its highest value on the opposite side of the outlet dut. At the lower mass
ow the pressure is also higher in that region than in the rest of the volute.
From the streamline gures it an be seen, that the ow is not rotating
in the outlet dut at the design point, but at the lower mass ow that is the
ase. Also the streamlines show that at the design point mass ow the low-
speed area in the beginning of the outlet dut onsists merely of forward going
vorties, at the lower mass ow there is a lear bakow.
Veloity distributions in measurement point one show that the tangential
veloity is near the measured level in the lower half of the measured sweep,
but in the upper half the tangential veloities are learly lower than the meas-
ured values. Radial veloities dier signiantly from the measured data. In
measurement point two the tangential veloities dier signiantly from the
measurements like in the other simulations. Radial veloities are near the
experimental values lose to the upper part of the outlet dut. In the lower
setion of the dut the radial veloities are lower, at the low mass ow even
the diretion is dierent. At the design point veloity predition is tolerable,
but the auray ould be better. At the lower mass ow the predition is not
satisfatory.
6 Disussion
Two sewage pump geometries were simulated numerially with multiple mass
ow rates. The rst geometry with a design point of 25 kg/s was simulated
using two dierent ow solvers FINFLO and CFX-TASCFlow, while the seond
one with a design point of 33.3 kg/s only with CFX-TASCFlow.
The results of the simulations are not very promising, the head, the eÆ-
ieny and the power need are all several perentages o the measured values.
The position of the impeller may aet to the pump performane on a quasi-
stati simulation, therefore, the simulations should be done at least in one
additional position. At the design point the predited veloity is on a orret
level at the measurement point, but the shape of the distribution is not lose
the measured one. At the lower mass ows the shapes and even the veloity
levels dier from the measurements.
First-order disretization is inaurate and it must not be used. Seond-
order disretization gives more aurate results, but the grid density is prob-
ably inadequate in present ase. The inlet-ow is given as a bulk ow in
TASCFlow simulations. This may ause troubles for onvergene and also af-
fet the results. Fully-developed pipe ow should be tested as an inlet ow
boundary onditions.
FINFLO simulations for geometry 2.1 overestimate the head as the CFX-
TASCFlow underestimates it. The power is osillating around the measure-
ments data for mass ows over 40% of design point. All simulated results
overestimate the eÆieny near the design point. A poor onvergene may
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indue anomalies seen in the FINFLO results. Despite of the huge amounts
of omputational yles, it is not lear that all of the omputations are fully
onverged. The ode is designed to work with multi-grid aeleration and in
this ase it ould not be used leading to a highly ineÆient omputation. The
veloity distributions are about as aurate as CFX-TASCFlow results, on
some ases even more aurate. The measured distributions are for a dierent
impeller geometry than the simulated one. Also the quasi-stati simulation an
overestimate suh a time-depended phenomenon as a bakow, whih eets
the distributions in measurement point two.
In a future a denser grid will be utilized at least for FINFLO. FINFLO
results for the geometry 2.2 will be published as a separate report.
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A Distributions of the Tasow Simulations of
the Wall Funtion Grid
Fig. 15: Veloity distribution at plane 45 mm from the bottom of the impeller
(left) and a distribution of the turbulent visosity at same plane (right). The mass
ow is 33.3 kg/s.
Fig. 16: Distribution of the turbulent kineti energy (left) and dissipation (right).
The plane is the same as in Fig. 15. The mass ow is 33.3 kg/s.
Fig. 17: Pressure distribution at plane 45 mm from the bottom of the impeller
(left) and pressure distribution at planes rossing the impeller (right). The mass
ow is 33.3 kg/s.
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Fig. 18: Streamlines oloured by veloity distribution (left) and veloity vetors at
measurement point and pressure distribution at surfaes (right). The mass ow is
33.3 kg/s.
Fig. 19: Veloity distribution at the beginning (left) and at the end (right) of the
inlet dut. The mass ow is 33.3 kg/s.
Fig. 20: Distribution of the turbulent visosity at the beginning (left) and at the
end (right) of the inlet dut. The mass ow is 33.3 kg/s.
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Fig. 21: Veloity distributions at measurement point 1. The mass ow is 33.3 kg/s.
Fig. 22: Veloity distributions at measurement point 2. The mass ow is 33.3 kg/s.
Fig. 23: Veloity distribution at plane 45 mm from the bottom of the impeller
(left) and a distribution of the turbulent visosity at same plane (right). The mass
ow is 16.7 kg/s.
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Fig. 24: Distribution of the turbulent kineti energy (left) and dissipation (right).
The plane is the same as in Fig. 23. The mass ow is 16.7 kg/s.
Fig. 25: Pressure distribution at plane 45 mm from the bottom of the impeller
(left) and at planes rossing the impeller (right). The mass ow is 16.7 kg/s.
Fig. 26: Streamlines oloured by veloity distribution (left) and veloity vetors at
measurement point and pressure distribution at surfaes (right). The mass ow is
16.7 kg/s.
30
Fig. 27: Veloity distribution at the beginning (left) and at the end (right) of the
inlet dut. The mass ow is 16.7 kg/s.
Fig. 28: Distribution of the turbulent visosity at the beginning (left) and at the
end (right) of the inlet dut. The mass ow is 16.7 kg/s.
Fig. 29: Veloity distributions at measurement point 1. The mass ow is 16.7 kg/s.
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Fig. 30: Veloity distributions at measurement point 2. The mass ow is 16.7 kg/s.
Fig. 31: Veloity distribution at plane 45 mm from the bottom of the impeller
(left) and a distribution of the turbulent visosity at same plane (right). The mass
ow is 8.3 kg/s.
Fig. 32: Distribution of the turbulent kineti energy (left) and dissipation (right).
The plane is the same as in Fig. 31. The mass ow is 8.3 kg/s.
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Fig. 33: Pressure distribution at plane 45 mm from the bottom of the impeller
(left) and at planes rossing the impeller (right). The mass ow is 8.3 kg/s.
Fig. 34: Streamlines oloured by veloity distribution (left) and veloity vetors at
measurement point and pressure distribution at surfaes (right). The mass ow is
8.3 kg/s.
Fig. 35: Veloity distribution at the beginning (left) and at the end (right) of the
inlet dut. The massow is 8.3 kg/s.
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Fig. 36: Distribution of the turbulent visosity at the beginning (left) and at the
end (right) of the inlet dut. The mass ow is 8.3 kg/s.
Fig. 37: Veloity distributions at measurement point 1. The mass ow is 8.3 kg/s.
Fig. 38: Veloity distributions at measurement point 2. The mass ow is 8.3 kg/s.
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B Distributions of the FINFLO Simulations of
the Geometry 2.1 with the Dense Grid
Fig. 39: Veloity distribution at plane 45 mm from the bottom of the impeller
(left) and a distribution of the turbulent visosity at the same plane (right). The
mass ow is 30 kg/s.
Fig. 40: Veloity distribution at the beginning (left) and at the end (right) of the
inlet dut. The mass ow is 30 kg/s.
Fig. 41: Distribution of the turbulent visosity at the beginning (left) and at the
end (right) of the inlet dut. The massow is 30 kg/s.
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Fig. 42: Veloity distributions at measurement point 1. The mass ow is 30 kg/s.
Fig. 43: Veloity distributions at measurement point 2. The mass ow is 30 kg/s.
Fig. 44: Veloity distribution at plane 45 mm from the bottom of the impeller
(left) and a distribution of the turbulent visosity at the same plane (right). The
mass ow is 15 kg/s.
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Fig. 45: Veloity distribution at the beginning (left) and at the end (right) of the
inlet dut. The mass ow is 15 kg/s.
Fig. 46: Distribution of the turbulent visosity at the beginning (left) and at the
end (right) of the inlet dut. The mass ow is 15 kg/s.
Fig. 47: Veloity distributions at measurement point 1. The mass ow is 15 kg/s.
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Fig. 48: Veloity distributions at measurement point 2. The mass ow is 15 kg/s.
Fig. 49: Veloity distribution at plane 45 mm from the bottom of the impeller
(left) and a distribution of the turbulent visosity at the same plane (right). The
massow is 10 kg/s.
Fig. 50: Veloity distribution at the beginning (left) and at the end (right) of the
inlet dut. The mass ow is 10 kg/s.
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Fig. 51: Distribution of the turbulent visosity at the beginning (left) and at the
end (right) of the inlet dut. The mass ow is 10 kg/s.
Fig. 52: Veloity distributions at measurement point 1. The mass ow is 10 kg/s.
Fig. 53: Veloity distributions at measurement point 2. The mass ow is 10 kg/s.
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C Distributions of the Tasow Simulations of
the Geometry 2.2
Fig. 54: Veloity distribution at plane 45 mm from the bottom of the impeller
(left) and distribution of the turbulent visosity at same plane (right). The mass
ow is 33.3 kg/s.
Fig. 55: Distribution of the turbulent kineti energy (left) and dissipation (right).
The plane is the same as in Fig. 54. The mass ow is 33.3 kg/s.
Fig. 56: Pressure distribution at plane 45 mm from the bottom of the impeller
(left) and at the impeller surfae (right). The mass ow is 33.3 kg/s.
40
Fig. 57: Streamlines oloured by veloity distribution (left) and veloity vetors at
measurement point and pressure distribution at surfaes (right). The mass ow is
33.3 kg/s.
Fig. 58: Streamlines oloured by veloity distribution showing slow veloity area
at outlet dut. The mass ow is 33.3 kg/s.
Fig. 59: Veloity distributions at measurement point 1. The mass ow is 33.3 kg/s.
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Fig. 60: Veloity distributions at measurement point 2. The mass ow is 33.3 kg/s.
Fig. 61: Veloity distribution at plane 45 mm from the bottom of the impeller
(left) and distribution of the turbulent visosity at same plane (right). The mass
ow is 16.7 kg/s.
Fig. 62: Distribution of the turbulent kineti energy (left) and dissipation (right).
The plane is the same as in Fig. 54. The mass ow is 16.7 kg/s.
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Fig. 63: Pressure istribution at plane 45 mm from the bottom of the impeller (left)
and at the impeller surfae (right). The mass ow is 16.7 kg/s.
Fig. 64: Streamlines oloured by veloity distribution (left) and veloity vetors at
measurement point and pressure distribution at surfaes (right). The mass ow is
16.7 kg/s.
Fig. 65: Streamlines oloured by veloity distribution showing slow veloity area
at outlet dut. The mass ow is 16.7 kg/s.
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Fig. 66: Veloity distributions at measurement point 1. The mass ow is 16.7 kg/s.
Fig. 67: Veloity distributions at measurement point 2. The mass ow is 16.7 kg/s.
